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The excessive growth of the world population has initiated the
development of safe and effective fertility control methods. The first
breakthrough to this universal problem was the discovery of 'the Pill'
in the early 1960s. The ovulation-inhibitory hormonal contraceptives
are estrogenic or progestational steroids or a combination of both.
Though this antiovulatory steroids were effective in preventing preg-
nancy, numerous side effects such as nausea, vomiting, water retention,
breast engorgement, amenorrhea, headache, dizziness, chloasma and altered
libido were reported by users of these oral contraceptives. In order-to
minimize this systemic effect of 'the Pill', the second generation of
hormonal contraceptive known as 'mini pill' with a continuous low dose
of progestin was developed. Other methods such as intrauterine devices,
condom, diaphragm and vaginal spermicides have been applied singly or in
combination for pregnancy prevention. Recent research has concentrated
in the search of menses inducers, postcoital or postovulatory anti-
fertility substances and abortifacients. Special stress was centred on
the development of an early abortifacient which interferes with the
implantation process or early development of the embryo. Though abor-
tion is not considered as an ideal method for fertility control, it is
often a remedy to terminate unwanted pregnancy for failure of the
contraceptive methods. Besides, in the past few decades, there has been
a gradual relaxation in abortion laws to varying degrees in many
countries. This initiated much research on the development of safe and
effective means of abortion.
2Abortion refers to the termination of pregnancy before the fetus
is viable. At present, clinical method for termination of pregnancy at 1st
trimester is. usually performed by vacuum aspiration, in which the
product of conceptus is removed under reduced pressure through the
insertion of a cannula inside the uterus. This method offers the
advantage of rapid procedure, reduced in blood loss, reduced in the
risk of uterus perforation and inflammatory complications. While in
2nd trimester, termination of pregnancy by vacuum aspiration seems
improbable owing to the increase in fetus size. In most cases, abortion
is induced by instillation of hypertonic solutions such as 20% NaCl,
glucose , urea or prostaglandins into the amniotic sac or extraovular
space. These methods are often augmented with intravenous infusion of
oxytocin to shorten the abortion interval or with the insertion of lami-
naria tents.prior to.the time of instillation-for cervical dilatation.
In recent years, natural prostaglandins PGF2a and PGE2 have gained
wide application as a mid-term abortifacient over the hypertonic saline.'
since-'complications which associated with hypertonic saline such as
hemorrhage, infection, fever, uterus injury, hypernatremia and coagul-
pathy are not encountered in using prostaglandins. Though side effects
such as vomiting, diarrhea and nausea are more frequent among women
treated with the prostaglandins than in those given hypertonic saline,
these adverse symptoms are of trivial nature which disappear
promptly after cessation of drug administration. However, prosta-
..glandins do share certain problem with the other methods which rely on
myometrical stimulation to effect abortion. These include: 1. The
3occasional occurrence of rupture of the posterior uterine at the
cervico-isthmic junction .2. The retention of part of, or the whole,
placenta in average of 40% of the cases, which require instrumental
evacuation 3. The occurrence of excessive blood loss in some
patients.
At present, there is no simple procedure for terminating mid-
trimester pregnancy. All available methods require the services of
experienced physicians and well hospital facilities. Much research is
needed to search for high potency PG analogs and new abortifacients.
CHEMICAL ABORTIFACIENTS
The reproductive process in animals is a highly organized pheno-
menon which involves the interplay of different hormones. Besides, the
developing fetus is very sensitive to numerous cytotoxic or embryotoxic
agents. Disturbances of this hormonal relationship or fetus develop-
ment at any stage during gestation may result in pregnancy termination.
In screening the literature-on chemical-.abortifacients, numerous
chemicals have been investigated to have abortifacient effects on
experimental animals. These chemicals cover a wide spectrum which range
from the heterogenous anti-serum and plant extract to the simple mol-
ecules of heavy metals (Cu, Cd). Some of these potential abortifacients
are discussed according to their chemical nature or their pharmacological
actions.
Many antimetabolites have been reported to terminate pregnancy in
rats (Thiresch, 1956). Though these compounds were effective in induc-
4ing abortion, some of them were observed to have a high degree of fetal
teratology and maternal toxicity. 6-Azauridine, a pyrimidine anta-
gonist, was reported by Chaudhuri (1974) to be effective in interrupting
pregnancy in rats soon after implantation. These observations are in
accord with others (Sanders et at., 1961 Cerey 'et at., 1965). However,
following administration of this drug in 3 consecutive pregnancies in
mice, Cerey et at. (1965) reported malformation in the tail of the off-
spring in the third pregnancy. In the study of Morris et at. (1967) in
rabbit and in monkey by Van Wagenen et at. (1970) teratogenic effect was
also noted. Thus, the use of antim etaoolites as abortifacients should
be weighed with caution concerning their potential.teratogenic effect.
Aminogluthethimide, an antisteroidogenic agent, is known to block
the conversion of cholesterol to pregnenolone (Dexter, 1967). Recent
studies by Stanley et al. (1972) indicated that aminogluthethimide
phosphate (AGP) causes 100% abortion in treated animals in 72 hours.
According to their study, AGP was not embryotoxic but inhibited steroid
production in the corpus luteum and reduced plasma progesterone to
levels that will not maintain pregnancy. Analogs of the abortifacient
AGP was further investigated (Paul, 1974) to search for an effective and
less toxic analog. The analogswere tested for antifertility activity in
female rats. Only aminogluthethimide was active 'while all-the analogs
were inactive. Thus it was concluded that the activity of amino-
gluthethimide is very specific, as all the changes made caused the
activity to be lost.
Oxytocics, agents which stimulate the motility of the uterus, are
5another candidate as abortifacient. The well known oxytocic principle
-- oxytocin, from neurohypophysis, has been used to induce labour at
term. However, it is not suitable to be used as an abortifacient
because the uterus is less sensitive to oxytocin stimulation in the
earlier stages of pregnancy. Its application is limited to augmenting
other abortifacients (e.g. PGs) to induce abortion. Ergot alkaloids and
sparteine sulfate are also unsatisfactory in this practice because they
produce excessive, unphysiological uterine contractions and fail to dilate
the cervix. Prostaglandin is the choice for termination of pregnancy
during the second trimester and its application has been discussed
earlier. Current research on prosta.glandins has been concentrated on.
the development of prostaglandin analogs with high efficacy and minimal
side effects.
Estrogen and its derivatives are known to be effective in preven-
ting pregnancy in a variety of species such as rats (Smith, 1926
Saunders, 1965), in mice (Parkes and Bellerby, . 1926), in guinea pigs
(Deanesly, 1963) and in rabbits (Sharaf .Hafez, 1958). However, it is
also reported that administration of estrogen after implantation has no
adverse effect on pregnancy in human (Witherspoon, 1932 Robinson
et al., 1935 Karnaky, 1947 Smith Smith, 1949 Bacic et al., 1970) or
in monkeys (Morris Van Wagenen, 1966). Since the normal production of
ovarian estrane derivatives is higher in primates than in other animals,
it is reasonable that the primates can tolerate additional amount of
exogenous estradiol without damage to the embryo (Selye et al., 1971).
6Disruption of pregnancy by antiserum to placental antigens was
demonstrated early in this century by Dobrowolski (1903). Early study
was done by passive immunization of rodents with heterologous antisera
to whole placenta extracts. However, the abortifacient activity of the
antisera was accompanied with high renal and maternal toxicity. Recent
studies by Beer et al. (1:972) reported that rabbit anti-rat trophoblast
serum after absorbing with rat erythrocytes and lymphocytes was shown to
have abortifacient activity on pregnant rats. The absorption of anti-
trophoblast serum with lymphoid cells completely removed its toxicity
towards the pregnant females while retaining its abortifacient activity.
However, the abortifacient activity could be removed by absorption with
trophoblast cells. Passive immunization of anti-placental serum was
also demonstrated by Behman Amans (1972) as an abortifacient or. preg-
nant Rhesus monkey. They suggested that the injected placental specific
antibody(s) reacted with placental specific antigen, which localized on
the trophoblast and then destroyed the reacted tissue with participation
of complement. This tissue destruction probably causes vaginal bleed-
ing, fetal death and abortion. This finding suggests that there is a
highly specific antigen associated with the trophoblast.
Passive immunization of nonimmunized pregnant baboons with anti-
HCG-0 serum has been performed to assess the antifertility effects of
the anti-HCG-0 (Stevens, 1976). Anti-HCG- administrated intravenously
to a pregnant baboon during a 1-hour period at about 20 days of gesta-
tion caused menstrual bleeding and abortion. Besides, antiserum to
luteinizing hormone(LH) and luteinizing hormone releasing hormone (LHRH)
7were also proved effective in pregnancy termination in rats(Maneckjee,
1972 Nishi, 1976) and in rabbits (Spies & Quadri, 1967). The antibo-
dies to LH or LHRH neutralize the effect of its corresponding hormone
which produces a temporary chemo-castration leading to fetal resorp-
tion. However, there are difference between the action of the two anti-
sera. According to Nishi (1976), the adminstration of anti-LH serum
neutralized the activity of circulating LH without affecting follicle-
stimulating hormone (FSH), whereas anti-LHRH neutralized endogenous
LHRH, thereby reducing secretion of both LH and FSH(Arimura, 1973).
Nevertheless, the action of anti-LH on circulating LH is more direct and
drastic than that of anti-LHRH. Furthermore, since the pituitary
gonadotrophins have some residual function independent of LHRH, gonado-
trophins may never completely disappear from the circulation after the
adminstration of anti-LM.
Synthetic LHRH and its analogs were also found to interfere with
pregnancy in rats and rabbits when given in large doses during early and
mid-gestation (Corbin et al., 1975 Corbin et al., 1976 Hilliard et al.
1976 Humphrey et al., 1976 Humphrey et al., 19.77). According to
Humphrey (1977), LHRH adminstered on day 9,10 or 11 was most effective
in termination of pregnancy in rats, while minimal or no effects were
demonstrable on day 6 to 8 or from 13 to 16. Adminstration of LHRH on
day 9 was followed by a measurable fall in circulating progesterone on
day 10 and 11. The effect of LHRH on pregnancy termination from day 7
to 12 could be reversed by simultaneous adminstration of large doses of
progesterone. These data suggest that the postnidatory effect of LHRH
on pregnancy termination is mediated via functional luteolysis.
8ABORTIFACIENT FROM PLANT SOURCE
The potential value of plants as sources of new antifertility agents
was reviewed by Farnsworth et al. (1975) and Kong et al. (1976).However,most
of the active components were found to be steroids, alkaloids, iso-
flavones, volatile oils and saponins. Little information on plant
proteins as antifertility agent has been reported.-
Tian-hua-6en
Recently, a Chinese herbal drug 'Tian-hua-fen' (iehosanthes
kirilowii), was reported to have the abortifacient activity in lab-
oratory animals. The active principle,. trichosanthin,is a basic protein
of molecular weight of approximately 18,000 and isoelectric point 9.4
(Wang et at., 1976). Clinical investigation has shown its effective-
ness in inducing mid-gestation abortion, particularly effective in
treating ectopic pregnancy,hydatidiform mole and invasive mole and it
also has some therapeutic action on choriocarcinoma (Anon., 1976).
Further experiments on human trophoblast cells in vitro have clearly
demonstrated the specific effect of 'Trichosanthin' on human syncytio-
trophoblasts. This results suggested the potential of 'Tian-hua-fen'
as a new abortifacient agent.
The Chinese drug 'Tian-hua-fen' refers to the root tuber of the
plant genus Trichosanthes (Cucurbitaceae) in Chinese 'Kua-lou'. As
early as the Ming Dynasty (16th century), Li Shih-Chen described in his
Pen Ts'ao Kang Mu (Materia Medica) about 'Tian-hua-fen' it says, the
powdered root is as white as snow, (the powder of heavenly flower) and
9that it has the function of 'inducing menstrual fluid.' and curing 'the
detention of fetal membranes'. However, 'Tian-hua-fen' was reported to
have other curing effects, such as'for use as an expectorant, for
mastitis, chest congestion and discomfort, constipation, fever, thirst,
anxiety, inflammation and diabetes (Anon., 1975). Though 'Tian-hua-fen'
,decoction has-been reported to cure diabetes (Zhou, 1957) experimental
studies of 'Tian-hua-f en' extract were devoid of hypr'glycemic effects in
normal as well as alloxan-treated rabbits (Nan et ai., 1957). Besides,
'Tian-hua-fen' has been used outside China as a folkloric remedy to
treat Infections (Anon., 1975). Preliminary study on the medicinal
species of genus Trichosanthes L. by Yueh and Cheng (1974) shows that
about 55 species of Trichosanthes are found in China of which over 30
entities-possess medicinal properties. Their medicinal uses cover a
wide range such as purgative, emetic, anthelmintic, antidiarrheal, anti-
biotic and insecticides. Nevertheless,. nearly all the roots of the
species belonging to this genus are called 'Tian-hua-fen'. The
following table shows the different species of Triehosanthes and/or
'Kua-lou' (compiled from Yueh Cheng, 1974).
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2. T. hyZonoma Hupeh, Hunan, Kwangsi, Szechuan
3. T. kirilowii North Central China cult. in many provinces
4. T. japonica Along the Yangtze R. Southwards
5. T. unifZora Kansu, Szuchuan, Hupeh, Hunan Yunnan
6. T. muZticirrata Kwangtung, Kwangsi
7. T. muZtiZoba Hupeh, Taiwan Japan
Sect. Truncatae
8. T. mushaensis Kwangtung, Kwangsi
9. T. truncata Kwangsi, Yunna India, Vietnam
Sect. Involucraria
10. T. sinopunctata Taiwan, Kwantung Kwangsi
11. T. huvehensis Hupeh. Hunan India
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According to the study of Yueh and Cheng, the chief sources of the
Chinese drugs 'Kua-lou' and, 'Tian-hua-fen' on the present day market are
provided predominently by species of section FoZiobracteoZa. It
includes Trichosanthes kiriZowii Maxim., T. japonica Ragel, T. hylonoma
H.M. and T. uniflora Hao and among them, T. kirilowii is of the best
quality.
OBJECTIVE OF THE PRESENT STUDY
To date, there is no satisfactory (simple, effective, specific and
safe) method for pregnancy termination in rnidtrimester. . The currently
available abortifacients, such as hypertonic saline, prostaglandirls and
urea are associated with side effects and complications. The develop-
ment of new abortifacient is urgently needed. Based on ethnomedical
information and empirical experiences, 'Tian-hua--fen i has been clini- .
cally developed as an effective mid-term abortifacient in China. Thus,
the crude protein extract from T. kirilowii, one of plant materials of
Tian-hua-fen, has been shown to be an effective and safe abortifacient
in human. Preliminarly studies on the isolation of the active protein
as well as pharmacological properties of the semi-purified protein
fraction have been reported (Anon., 1976). However, no structural
determination of the pure active protein as well as pharmacological
studies using the pure protein were reported. This study, therefore,
aims at an independent confirmation of the presence of an abortifacient
protein in Tian-hua-fen and to isolate the active-protein in pure state





Analytical grade reagents were used throughout the study. Fresh
root tubers of an unidentified Trichosanthes species obtained from
Taiwan were used as Tian-hua-fen for this study, the SDS-PAGE calibration
proteins kit and the standard dansylated amino acids were products of
Sigma. The polyamide sheet (15xl5cm) used for N-terminal acid analysis
was purchased from Cheng-Chin Trading Co., Ltd. (Taipei, Taiwan). Agarose
(type.II) from Sigma was used for immunoelectrophoresis. Freund's
complete adjuvant was product of Calbiochem.
Animal
White Albino rabbits were used for anti-serum production. Matures
female mice (WHT-HT, University of Hong Kong) and Sprague-Dawley rats
were used for assay of abortifacient activity.
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PURIFICATION OF THE ABORTIFACIENT PROTEIN
FROM TIAN-HUA-FEN
PREPARATION OF TIAN-HUA-FEN ACETONE POWDER
All operations were carried out at 4v unless otherwise specified.
Fresh tubers of Tian-hua-fen (2.1 Kg).were peeled, cut into small
pieces and homogenized in a Waring Blender in 1.5 litre of distilled
water. The homogenate was filtered through several layers of cheese
cloth to separate the debris. The extract was centrifuged at 4,000 x g
for 10 minutes and the supernatant (1.8 litre) was collected. The
precipitate together with the debris were reextracted with 1.5 litre of
water and centrifuged to give another supernatant (1.5 litre). The two
supernatants were combined and 3 times the volume of cold acetone was
added with stirring. The precipitate was allowed to settle for 2 days
and was collected by centrifugation at 4,000 x g for 10 minutes. It
was then washed once with cold acetone and recentrifugated at 4,000 x g
for 10 minutes. The precipitate was dried over NaOH pellets in vacuum
dessicator to give 75.8 gm acetone powder.
FRACTIONATION BY AMMONIUM SULPHATE PRECIPITATION
The acetone powder was dissolved in distilled water (50 mg/ml)
and centrifuged to remove the insoluble substances. The supernatant
was adjusted to 40% saturation by the addition of solid (NH4)2504.
The precipitate was allowed to settle at 4o for about 30 minutes. The
-precipitate (P1) at 40% saturation was collected by centrifugation in a
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Fig. 1 Scheme for fractionation of acetone powder by
ammonium sulphate precipitation.
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saturation with solid (NH4)2504. The precipitate (P2) was again
collected and the supernatant was made up to 70% saturation with solid
(NH4) 2S04'
The precipitate (P3) at 70% saturation was recovered by centri-
fugation. The supernatant (S3) was further adjusted to 100% saturation
with (NH4)2S04 but no precipitation was observed. All fractions were
redissolved in distilled water, dialyzed and lyophilized. The frac-
tions were monitored by immun.oelectrophoresis and PAGE electrophoresis.
A flow chart indicating the ammonium sulfate fractionation procedure
is shown in Fig. 1.
EXTRACTION OF GLYCOPROTEINS FROM ACETONE POWDER
The procedure was essentially that of Hartree (1966) for gonado-
trophin extraction and all:.steps were performed at 40. Tian-hua-fen
acetone powder was extracted at a ratio of gm per 25 ml with a mixture
of 10% (w/v) ammonium acetate and 96% (v/v) ethanol in a ratio of
6:4 (v/v). The acetone powder after extraction for 3-4 hours was
centrifuged at 3,000 x g for 15 minutes to give the supernatant I.
While the residue was reextracted once to give supernatant II. The
glycoprotein was precipitated from the combined. supernatant I and II
respectively by adding 2 volume of cold ethanol (96% or absolute)
slowly with stirring. The mixture was left overnight at 40. The
glycoprotein was recovered by centrifugation at 12,000 x g for 15
minutes and was washed once with cold ethanol. It was then dissolved
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Fig. 2 Scheme for the extraction of glycoproteins
from Tan-hua-fen acetone powder.
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for two days with at least three changes of water. The dialyzate was
centrifuged at 12,000 x g for 15 minutes and lyophilized to give the
GL-1 fraction (supernatant) and the GL-2 fraction (precipitate). The
residue after second extraction was dispersed in about 50 ml of water
and dialyzed. The dialyzate was centrifugated and lyophilized to give
the GL-3 and GL-4 fractions. A flow chart for extraction of glyco-
proteins from 'acetone powder is shown in Fig. 2.
FRACTIONATION BY COLUMN CHROMATOGRAPHY
Glycoprotein fraction (GL-1) was further purified by ion-exchange
chromatography employing DEAE-Sephadex (A-50). GL-1 (100 mg) was
dissolved in 4 ml of 0.01 M NH4HCO3 (pH 7.9) and applied onto a DEAE-
Sephadex column (2.16 x 24 cm) preequilibrated with the same buffer.
Column chromatography was carried out at room temperature at a flow
rate of 80-90 ml/hr (per 100 ml bed volume) and the eluate was collect-
ed in fractions of 3.2 ml. The column was washed. with 50 ml of the
initial buffer (0.01 M NH4HCO3) and then elution was carried out with
a linear gradient from 0.1 M to 0.8 M NH4HCO3. The elution was moni-
tored by absorbance at 280 nm. Six fractions were obtained, dialyzed
and lyophilized. Fractions were tested for its abortifacient activity
in mice. Immunoelectrophoresis and SDS-PAGE gel electrophoresis were




The abortifacient protein from Tian-hua-fen was purified from the
glycoprotein fraction (GL-1) in one step by preparative agarose
electrophoresis. About 10 ml of 1% agarose solution (type II) in
barbital buffer I= 0.025, pH 8.6 was poured onto a clean glass plate
x(10 x 10 cm) placed on a horizontal surface. When the gel was set, a
rectangluar trough (0.3 x 9 cm) was cut in the middle for sample appli-
cation. Glycoprotein fraction (GL-1) in barbital buffer was applied
to give a loading of 10 mg per plate. Electrophoresis was-performed
at room temperature for about 40 minutes at a potential of 50 v/10cm,
measured directly on the plate. Electrical contact between the agarose
and the electrode vessels was made with strips of Whatman 3mm filter
paper moistened in the same buffer solution. After electrophoresis, a
narrow strip of agarose was cut perpendicular to the sample trough and
stained with 0.1% Amido Black to locate the proteins. Appropriate gel
sections were cut and homogenized by Polytron with addition of water.
The protein containing agarose solution was allowed to stand overnight at
40 and the insoluble agarose removed by centrifugation at 10,000 x g
for 20 minutes at 40. The protein solution was dialysed against water
and lyophilized. The purity of the fractions were monitored by immuno-
electrophoresis and SDS-PAGE electrophoresis.
19
MONITOR OF PURIFICATION
ASSAY OF ABORTIFACIENT ACTIVITY
Mice
Mature female mice (WHT-HT, University of Hong Kong) weighing 25
to 35 gm were caged with fertile males. The presence of copulation plug
the next morning was designated day 1 of pregnancy (PD1). Tian-hua-fen
preparations in normal saline (0.9% NaCl) were administered intraperi-
toneally on clay 10 of pregnancy (PD10). Mice were autopsied on day.14.
of pregnancy (PD14). The total number of uterine implantation sites
were recorded and the sizes were measured. The uterine implantation
sites were qualitatively defined as either live fetuses, dead or
resorbing fetuses.
Rat
Adult female Sprague-Dawley rats (200-300 gm) were used. Vaginal
smears were examined daily by saline lavage. On the evening of pro-
estrus, animals were caged with fertile males. The presence of vaginal
sperm the next morning was designated day 1 of pregnancy (PD1). Lapora-
tomy was done on PD10 under Nembutal anesthesia.' The number of implan-
tation sites were recorded and their dimensions measured. Tian-hua-fen
preparations were administered by intraperitoneal on intrauterine
injection. The control group was sham-operated with saline injection.
Autopsy was performed on PD14.
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THERMAL STABILITY STUDIES
The glycoprotein fraction (GL-1) was dissolved in normal saline
(0.9% NaCl) to give a concentration of 10 mg per ml. Aliquots were
incubated at different temperature 600,.700 and 800 ± 10 respectively
for 30 minutes. The abortifacient activity of these heat-treated
fractions were assayed in mice at a dose 2 mg per animal.
IMMUNOELECTROPHORESIS
Pnepaniation of Antiseium
White adult male rabbits weighing about 3 Kg were used to produce
polyspecific antiserum against the Tian-hua-fen fractions (acetone
powder and glycoprotein fraction GL-1). Tian-hua-fen acetone powder
(batch 1) 60 mg per ml in normal saline was sterilized by Millipore
filtration, 0.5 ml aliquot was emulsified with an equal volume of
Freund's complete adjuvant. The emulsion was injected intramuscularly
and subcutaneously. The second injection was given after ten days with
doubled amount of the antigen. Ten days after the last immunization,
booster injections were given 3-4 times a week for 2 weeks with steri-
lized Tian-hua-fen acetone powder 60 mg per nil in normal saline without
Freund's complete adjuvant. Each rabbit received 0.5 ml by intravenous
injection. During the immunization process, the titre of the antiserum
was monitored by immunoelectrophoresis and ring test. In order to
obtain better antiserum, the rabbits were sensitized with a different
batch of Tian-hua-fen acetone powder and a semipurif ied fraction (GL-1).
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Sterilized Tian-hua-fen acetone powder (batch 2) 0.5 ml (60 mg/ml) in
normal saline was emulsified with an equal volume of Freund's complete
adjuvant. For the second sensitization, GL-1 (2.5 mg) was added to the
mixture before administration. Intramuscular injections were given at
4 locations on the hind limb. The animals were bled about 10 days after
the last sensitization.
Immunoelectiophoiesis
Immunoelectrophoresis was done according to the method of Grabar
and Williams (1953) with slight modification. About 5 ml of a 1%
agarose solution (type II) in barbital buffer I =00'025, pH 8.6 was
poured onto a clean glass plate (10 x 5 cm) placed on a horizonal
surface. When the agarose gel was set, it gave a gel of 1 mm thick.
Three circular wells, 2 mm in diameter, were cut with a gel puncher
about 1.6 cm apart. Two rectangular troughs 1-2 mm in width were cut
with a surgical knife, midway between the wells, about 7 mm from each
well.
The sample to be examined were placed in the wells, and an
electrophoretic separation was carried out in barbital buffer I= 0.025,
pH8.6 for 40 minutes at a potential of 7-8 v/cm, measured directly on
the plate. Electrical contact between the agarose and the electrode
vessels was made with strips of Whatman 3mm filter paper moistened in
the same buffer. After electrophoresis, the rectangular troughs were
filled with the antiserum and the gel was incubated overnight in a
humid chamber at room temperature. After the development of precipitin
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arcs, the non-precipitated proteins were removed by washing the gel in
0.9% sodium chloride for three days. The precipitin arcs were stained
with 0.1% Amido Black 10B and destained in 7% acetic acid until the
background was clear. The gel was then covered with cellophane and
allowed to dry at room temperature.
SDS-PAGE ELECTROPHiRESIS
Both cylindrical gel and slab gel system were performed according
to Weber and Osborn (1969) and Laemmli (1970) respectively with slight
modifications.
Gytindiical Gels
A final gel concentration of 10% polyacrylamide solution was
allowed to set in glass tubes (0.5 I.D. x 10 cm). The samples were
incubated at 1000 for 2 minutes in 0.01 M sodium phosphate buffer
(pH 7.0) with 1% SDS and 1% B-mercaptoethanol. The protein concentra-
tion was between 2-4 mg per ml. After incubation, aliquots of about
50 pl were mixed with the sample buffer containing 1 drop of glycerol,
5 pl of mercaptoethanol, 1 drop tracking dye (0.05% bromophenol blue)
and 50 pl of dialysis buffer (0.01 M sodium phosphate buffer, pH 7.0,
containing 0.1% SDS and 0.1% mercaptoethanol). Usually, sample solu-
tions of 10-15 pl were applied on each gel. Electrophoresis was per-
formed at a constant current of 8 mA per gel at room temperature for.
4 hours. After electrophoresis, the gels were removed from the tubes.
A fine copper wire of 5 mm long was inserted through the centre of the
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dye band. The distance travelled by the marker dye was measured. The
gels were placed in staining solution of 0.25% Coomassie Brillant Blue
R250 for 2-4 hours at room temperature. Background stain was removed by
destaining overnight in solution containing acetic acid, methanol and
water (1:3:10 by volume) in a destaining set up. The gels were stored
in 7.5% acetic acid solution.
Flat-slab Gels
Flat-slab gel electrophoresis was developed according to Laemmli
(1970) for better comparison of samples. A 10% separating gel
(0.375 M Tris pH 8.8) was made between two glass plates (13 x 16 cm)
with 3 perspex spacers of thickness 1.5 mm. The glass plates were
clamped together by stationary clips and the three outer edges were
sealed with 1% agar to prevent leakage. After polymerization of the
separating gel, a 3% spacer gel (0.125 M Tris pH 6.8) was added with
insertion of a sample well forming comb. The. comb was made from 1.5 cm
perspex sheet with 13 teeth, each 0.6 cm wide. After polymerization,
the comb as well as the lower spacer were removed and the slab was
mounted on the electrophoresis apparatus. The sample was either dis-
solved directly into the sample buffer or diluted 1:5 with sample
buffer to give a final protein concentration of 1-2 mg per ml. The
solution was incubated at 1000 for 2 minutes. Sample solution of
10-50 pl was applied to each well. Electrophoresis was performed at a
constant current of 40 mA at room temperature which required about
2 hours for the tracking dye to reach the bottom of the gel. At the end
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of the run, the slab was disassembled. Staining and destaining were
done using the Bio-Rad Model 202 Diffusion Destainer with the same





The method of Davis (1964) for polyacrylamide gel disc electro-
phoresis was employed with slight modification. The running gel was
prepared from a 7% (w%v) polyacrylamide solution in 0.375M Tris-HC1
buffer (pH 8.9). The gel was filled in glass tubes to give separating
gel columns of dimensions 0.5 x 6 cm. About 0.2 ml spacer gel of 3%
.(w/v) polyacrylamide solution on 0.0625 M Tris-HCl buffer (pH 6.7) was
overlaid onto the running gel and allowed to polymerize under direct
sunlight. The sample was dissolved in a 20% (w/v) sucrose solution
containing 0.025% (w/v) bromophenol blue to a final protein concentra-
tion of 1-2 mg per ml. Sample volume of 10-50 pl was applied to each
gel which correspond to about 20-100 pg protein. Electrophoresis was
carried out at a constant current of 2 mA per gel at room temperature
for about 2 hours with the anode connected to the bottom reservoir.
After electrophoresis, the gel'was stained in 0.25% Coomassie Brilliant
Blue R250 for 2 hours, destained overnight in solution of acetic acid,
methanol and water (1:3:10 by volume) and stored in 7.5% acetic acid.
26
N-TERMINAL ANALYSIS
N-terminal analysis was performed by dansylation of the protein
according to Gray (1972) followed by the identification of the a-
dansylated amino acid by polyamide sheet chromatography as described by
Wood and Wang (1967).
To 0.5 mg of protein, 50 pl of 1% SDS was added. The protein was
then dissolved by heating the mixture in boiling water bath for about
3 minutes. After the solution had cooled, 50 pl of N-methyl-morpholine
was added. Dansylation was done by addition of 75 pl of dansyl chloride
(25 mg/ml) in dimethylformamide and the reaction was allowed to proceed
for 1 hour at room temperature. After dansylation, the labelled protein
was precipitated by the addition of 0.5 ml acetone. The protein preci-
pitate was separated from the reaction mixture by centrifugation for
5 minutes in a bench-top centrifuge. The pellet was washed once with-
500 p1 of 80% acetone, centrifuged down again, and dried. It was then
hydrolysed in 100 p l of constant boiling HCl (5.7 N) in sealed tube for
18 hours at 1100. After hydrolysis, the sealed tube was opened and the
hydrolysate was dried under vacuum over NaOH pellets. The dried hydro-
lysate was extracted twice with 100 pl of water saturated ethyl acetate.
The extracts were dried under vacuum. For spotting onto the polyamide
sheets (7.5 x 7.5 cm), the DNS-amino acids were redissolved in 20 ul of
50% pyridine (v/v). The sample was spotted about 1.5 cm from each edge
in one corner of the sheet and developed in two dimensions with a rerun
in the second dimension using a third solvent system. The separated
dansyl amino acids were examined under a UV lamp.
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MOLECULAR WEIGHT DETERMINATION BY SDS-PAGE
ELECTROPHORESIS
The molecular weight of the abortifacient protein was determined
by SDS-PAGE electrophoresis according to the method of Weber and Osborn
(1969) and Laemmli (1970) respectively as described earlier. Protein
markers were purchased from Sigma containing Bovine plasma albumin,
ovalbumin, pepsin, trypsinogen, g-lactoglobulin and lysozyme. A trial
run was performed by running the protein markers as well as the sample
under different gel concentration to obtain the optimal condition. The
molecular weight was determined by comparing the electrophoretic mobi-
lity of the abortifacient protein with the mobility of known protein
markers.
AMINO ACID COMPOSITION ANALYSIS
The method of Spackman et aZ. (1958) was employed for analysing
the amino acid composition of the purified abortifacient protein from
Tian-hua-fen. Protein samples (1.5 mg) were hydrolysed with 1-2 ml of
constant boiling HCl (5.7 N) at 1100 for 24 hours and 72 hours respec-
tively in sealed vacuated tubes. After hydrolysis, the acid was removed
either by rotary evaporation or in arivacuum desiccator over NaOH
pellets. The hydrolysate was redissolved in two ml of 0.2 M sodium
citrate buffer pH 3.25 and suitable aliquots were taken for chromato-
graphic analysis on a Beckman Model 120C amino acid analyser. Acidic
and neutral amino acids were analysed on the long column (60 x 0.9 cm
Beckman AA-15 resin) by eluting at a total flow rate of 120 ml/hour with
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a change of buffer pH from 3.25 to 4.25 at 130 minutes. The basic
amino acids were analysed on the short column (5 x 0.9 cm Beckman PA-35
resin) by eluting at a total flow rate of 120 ml/hour with 0.12 M sodium
citrate buffer pH 5.25. The peak areas on the chromatograms were eva-
luated by the dot-counting method and the Type I Amino Acid Standard
Mixture from Beckman was used for calibration.
GLYCOPROTEIN STAIN WITH PERIODIC
ACID-SCHIFF (PAS) PROCEDURE
The carbohydrate moiety in the abortifaceint protein was confirmed
by PAS staining procedure according to Glossmann and Neville (1971).
The abortifacient protein, after electrophoresis in gels, were washed
continuously with 3 litres of 40% methanol and 7% acetic acid overnight.
Gels were oxidized for ]. hour at 4o with 1% periodic acid in 7% acetic
acid in the dark. The excess periodic acid was leached out by washing
the gels in 7% acetic acid overnight. Gels were incubated for 1 hour in
Schiff's reagent according to Fairbanks (1971) at 40 in the dark. The
gels were stored in Schiff's reagent or in 1% Na2S205 in 0.1 N HCl.
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RESULTS AND DISCUSSIONS
PURIFICATION OF THE ABORTIFACIENT PROTEIN
FROM TIAN-HUA-FEN
PREPARATION OF TIAN-HUA-FEN ACETONE POWDER
Fresh tuber of Tian-hua-fen (2.1 Kg) was extracted and treated
with acetone according to the procedure described in the experimental to
give 75.8 gm of the acetone powder. The recovery was 3.8% and the
protein content was estimated to be 50.2% according to Lowry et at.
(1951).
SEPARATION OF TIAN-HUA-FEN ACETONE POWDER
ON CM-SEPHADEX C-50 COLUMN
Exploratory separation of the acetone powder was done on CM-
Sephadex C-SO column preequilibrated with 0.1 M phosphate buffer
(pH 6.4). Stepwise elution was performed with 0.1 M phosphate buffer
at pH 6.4, 7.6 and 1.0. This separation protocol was basically that of
Wang et at. (1976) for the isolation of 'Trichosanthin' From Trichosan-
thes kiriZowii. However, the elution profile as monitored by absorbance
at 280 nm was quite different from that reported. by Wang et at. (1976).
In the present study, the major protein fraction was eluted at pH 6.4
while the Chinese workers obtained the major fraction at pH 7.6.
Besides, analysis of the major fraction at pH 6.4 by SDS-PAGE electro-
phoresis did not show much difference from the starting material (Tian-
hua-fen acetone powder) in which the major components were coeluted
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under the major peak. Further separation of the acetone powder on CM-
Sephadex C-50 column was investigated by using a different elution
method. The acetone powder was dissolved in 0.01 M NH4OAc with the CM-
Sephadex column preequilibrated in the same buffer. Elution was per-
formed by linear gradient from 0.01 M NH4OAc to 0.4 M NH4OAc. Six
fractions were obtained and the major fraction was eluted with 0.4 M
NH4OAc. The SDS-PAGE pattern of the major fraction: indicated the
presence of at least 4 components. Preliminary separation of the
acetone powder on CM-Sephadex C-50 column under the above conditions was
unsatisfactory. This maybe due to the complexity of the acetone powder as
revealed by the immunoelectrophoresis (Fig. 3). Thus, we intended to
perform group separation on the acetone powder by some extraction
methods before further fractionation by column chromatography.
FRACTIONATION BY AMMONIUM SULPHATE PRECIPITATION
Fractionation of the acetone powder was first attempted by ammon--..
ium sulfate precipitation. Precipitates at 40% saturation (P1), 50%
saturation (P2) and 70% saturation (P3) were collected by centrifuga-
tion, dialyzed and lyophilized. Acetone powder 0.5 gin was used and the
fractions recovered were P1 (47.4 mg), P2 (12.6 mg), P3 (7.9 mg) and
S3 (2.5 mg). The protein profile of the precipitates were examined by
immunoelectrophoresis and PAGE electrophoresis. About 6-7 components
were present in each fraction. No significant difference concerning
their immunochemical and electrophoretic properties were detected among










Fig. 3 Immunoelectrophoretic patterns of fractions from
ammonium sulfate precipitation and Acetone Powder (AP).
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cient protein 'Trichosanthin' probably contains carbohydrate (a glyco-
protein). Thus the extraction of glycoproteins from the acetone powder
was initiated.
EXTRACTION OF GLYCOPROTEINS FROM
TIAN-HUA-FEN ACETONE POWDER
The procedure was performed according to llartte (1966) for gonado-
trophin extraction. The glycoprotein from Tian-hun-fen acetone powder
was extracted with a solvent mixture containing ammonium acetate and
ethanol. The recovery of the glycoprotein fractions was shown in
Table 1.
The Abonti6acient E66ect 06 Glycopntein Fnactions
The abortifacient activity of the glycoprotein fractions was
assayed by pregnancy termination with preparations administered on day
10 of pregnancy in mice. The glycoprotein fraction (GL-1) at a dose of
2 mg was found to have 100% abortion in mice while at lower dose,
partial effect was observed (Table 2). The abortifacient effect of
glycoprotein fraction (GL-1) in mice was shown in Fig. 4.
However, GL-2 and GL-3 were found to exert high toxicity in mice
while GL-1 at effective dose, no harmful effect to the mothers was
observed. A dose of 2 mg was used routinely to monitor the abortifa-
cient activity of various fractions in mice. At similar dose level,
the abortifacient activity of GL-1 was assayed in rat by intraperitoneal
injection ( 15 mg per rat) , no significant activity was observed
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Table 1 Extraction of glycoproteins from Tian-hua--fen
acetone powder.




(gm) GL-1 GL-2 GL-3 GL-4
in %
(GL-1)
1 2 301.4 127.2 14.6 406.1 15.1
2 5 872.1 630.7 197.5 1322.3 17.4
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Table 2 Abortifacient activity of GL-1 in mice. The fraction (GL-1) was dissolved in
0.2 ml saline and administered intraperitoneally on PD10. The mice were
killed by cervical dislocation for autopsy on PD14.
No. ofTotal no. of
dead fetus aborted*
No. of dead No. of %micedose No. fetus implant. sites
Fraction (mg) of aborted
Tctal no. ofin individual animalmice
No. ofimplantation
treated micesites
20/58 2/6 33.30/12, 3/6, 2/6, 12/12, 1/10, 2/121 6
1/9, 3/7, 1/1, 8/8, 31/61. 3/8 37.51.5 8
8/8, 3/8, 7/9, 0/11GL-1
7/7, 10/10, 11/11, 6/6, 10/10, 5/5, 113/116 13/13 100.02 13
10/10, 12/12, 11/11, 9/9, 5/8, 10/10, 7/7
0/50 0/5 0Control 0.2 ml 5 0/12, 0/7, 0/9, 0/12, 0/10
saline
Mice were considered aborted -when. the no.. of dead fetus 50% of the. total- implantation sites.
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Table 3 Abortifacient activity of glycoprotein fraction (GL-1) in rats.--The fraction
was administered on PD10 by intraperitoneal (i.p.) or intrauterine (i.u.)
injection. The intrauterine injection was performed by laporatomy under
Nembutal anesthesia. The control group was sham-operated with only saline




No. of dead No. of mice %
Fraction Route of
fetus implant. sites




1 ml 3/43 0/4 00/11, 2/11, 1/10, 0/114i.p.Control saline
GL-1 i.p. 15 5 1/11, 2/12, 1/11, 1/10, 3/10 8/54 0/5 0
0.2 ml 1/10, 0/10, 0/11, 0/12, A/77 0/7 0Contrik i.u. 7
saline 1/11, 1/12, 1/11
2/15, 3/10, 0/6, 1/13,
8/69 0/6 05 6 1/13, 1/12
GL-1 i.u.
9/9, 10/10, 10/12, 3/11, 47/60 5/6 83.310 6 9/9, 6/9








Fig. 4 The abortifacient effect of GL-1 in mice.
A. GL-1 (2mg) was adminstered on PD10 and the uterus on PD14
was shown.
B. The same uterus was exposed to show the resorbing fetuses.
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(Table 3). This may be accounted for by the species specificity on,drug
action. Thus local application by intrauterine injection was tried.
Though significant results were observed which exerted a 83.3% abortion
in rats at a dose of 10 mg, the operation procedures prohibited its use
for routine monitoring.
Moniton of Gtycopiotein Fiactions by Immunoelectiophoiesis
A polyspecif is antiserum against the crude fractions (Tian-hua--f en
acetone powder and glycoprotein fraction GL-1) was developed in rabbits.
This was used to minitor the fractionation and provided information
concerning the immunological and charge properties of the fractions.
The immunoelectrophoretic pattern of the acetone powder was complex with
the number of precipitin arcs ranging from 10-12. After glycoprotein
extraction, the picture was much simplified with only 4-5-arcs in the
active fraction (GL-1)(Fig. 5), while only very weak precipitin arcs
were detected for other fractions (GL-2, GL-3 and GL-4). Thus, the









Fig. 5 Immunoelectrophoretic patterns of




FRACTIONATION ON DEAF--SEPHADEX A-50 COLUMN
Since results of previous separation of the acetone powder on CM-
Sephadex C--50 column was unsatisfactory, the active glycoprotein
fraction (CL-1) was attempted to separate on DEAE-Sephadex A-50 column.
Elution was performed with a linear gradient of 0.05 M NH4HCO3 (pH 8.9)
to 0.8 M NH4HCO3. The elution profile was shown in Fig. 6 in which a
major peak was observed at 0.4 M NH4HCO3. In previous trial run, under
identical conditions, the same major peak was found by SDS-PAGE
electrophoresis and iTmnu.noelectrophoresis to consist of at least 3
components which corresponded to the major components in GL-1. In
this run, 6 fractions were collected and designated as GD-l, GD-2, GD-3,
GD-4, GD-5 and GD-6 in which the last 4 fractions corresponded to dif-
ferent portion of the major peak.
From a starting material of GL-1 (100 mg) the recovery in frac-
tions GD-1 and GD-2 were less than.1 mg, GD-3 (12.5 mg), GD-4 (34.2 mg),
CD-5 (16.2 mg), and GD-6 (1 mg) with a total recovery of 63.9%. Analy-
tical work was concentrated on GD.-fractions from the major peak (GD-3,
GD-4 and GD-5).
The electrophoretic patterns of the GD-fractions in SDS-PAGE
and immunoelectrophoresis were shown in Fig. 7 and Fig. 8 respectively.
In SDS-PAGE, the components of the fractions were separated according to
their molecular weights. Their relative concentration in the fraction
can be estimated by their band widths as well as their staining inten-
sity. From the SDS-PAGE electrophoresis pattern of glycoprotein frac-

















GD-1 GO-2 GO-3 GO-4 GD-5 GD-6
0.2 0.1M
0
0 10 20 30 40 50 60 70 80 90 100 110 120 130 1 0 150 160 170 180
TU2E NO.
Fig. 6 Elution profile of glycoprotein fraction (GL-1) from
DEAE-Sephadex A-50 column.
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which were designated as Sa Sb, Sc and Sd with Sb as the major band.
Their approximate molecular weighs as estimated by standard markers
were S , 2.0 x 104 S 2.2 x 104 S , 3.0 x 104 and S , 6.0 x 104.
a! b c d
From the SDS-PAGE electrophoresis analysis, it was revealed that
the leading portion of the major peak (GD-3) was contributed by S c and
Sb3while the middle portion (GD-4) was a mixture of three components
Sc, Sb and S a and the trailing portion consisted of Sb and Sa. This
observation was also reflected in the immunoelectrophoretic patterns of
the CD-fractions. For better comparison, the precipitin arcs in GL-1
was designated Ia, Ib' Ic and Id (Fig. 3). The precipitin arc Ic in
GD-3 was more intense than GD-4 while I was not detected in GD-5 and
c
and GD-6. This suggested that the component Ic in i.Tnmunoelectrophoresis
corresponded to Sc in SDS-PAGE.
For component Ib, it was the major component which appeared in all
fractions (GD-3, GD-4, GD-5 and GD-6). Undoubtedly, this component
corresponded to the Sb in SDS-PAGE which was also the major component.
The relatively high concentration of the B component (Ib or Sb) and the
column behaviors of the components being closely eluted may account for
the presence of 3 components which eluted under a single peak rather
than 3 discrete ones.
The remaining arc Ia probably corresponded to the Sa in SDS-PAGE.
The absence of precipitin arcs in fractions GD-4 and GD-5 may due to its
inherent weak immunological properties or its relatively low concentra-
tion. At this stage, the major components in GL-1 could be identified
with certainty. This greatly facilitated the identification of the
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Fig. 7 SDS-PAGE electrophoretic patterns of standard mixture,
GL-1 and GD-fractions at pH 7.2
1. standard mixture containing A,bovine plasma albumin
B, ovalbumin C. pepsin D. trypsinogen E. R-lacto-
globulin and F. lysozyme.























Table 4 Abortifacient activity of fractions from DEAE-Sephadex A-50 column in mice.
The GD-fractions were dissolved in 0.2 ml saline and administered intra-
peritoneally on PD10. The mice were killed by cervical dislocation for
autopsy on PD14. Fraction GD-1 and GD-2 were not assayed due to scarcity of
material.
Total no. of No.of
dead fetus aborted




mice in individual.. animal Total no.of aborted
implantation No.of
sites treated mice
11/21 1/2 505/11, 6/101 2
GD-3
2 2 10/10, 7/7 17/17 2/2 100
GD-4 2 2 11/11, 12/12 23/23 2/2 100
GD-5 2 2 0/14, 0/11 0/25 0/2 0
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abortifacient principle. The abortifacient activity,of the GD-fractions
were assayed in mice with results shown in Table 4. The abortifacient
activity of GD-3 and GD--4 were obvious which gave a 100% abortion in
mice at a dose of 2 mg while GD-5 was found to be inactive. At a lower
dose of 1 mg, GD-3 still exerted an effect of 50% abortion in mice. The
abortifacient activity in GD-3 and GD-4 strongly indicated that C was
the active principle while other components (B and .) were inactive
(Table 5).
Table 5 Analytical data of the GD-fractions which confirmed the
component C as the active component.
Fractions from DEAE- SDS-PAGE Immuno- Abortifacient
Sephadex A-50 column Electrophoresis Electrophoresis Activity




.GD-4 Sc,Sb,Sa Ic,Ib,Ia 2 100
GD-5 Sb,Sa Ib,Ia 2 0
46
THERMAL STABILITY STUDIES
In the thermal stability studies, GL--1 exerted 80% abortion in
mice after incubation at 600 ± 10 for 30 minutes, while partial effect
was observed for fraction treated at 700 + 10 and no abortifacient
activity was detected after heat treatment at 800 ± 10 for 30 minutes
(Table 6). Probably, the active principle with abortifacient activity
was denatured at 800. The heat-treated fraction was also analysed by
immunoelectrophoresis (Fig. 9). For fractions treated at 600 and 700,
the precipitin arc Ic was observed. While for fraction treated at 800,
IC was not detected. Since component C was suggested to be the aborti-
facient principle and the presence of C in immunoelectrophoresi.s was
associated with the abortifacient activity. For fraction treated at
800, the absence of Ic in immunoelectrophoresis coincide with the loss
of abortifacient activity. The parallel loss of the abortifacient
activity of the heat-treated GL-1 fraction together with the disappearance
of component C in immunoelectrophoresis further supported that C was the
abortifacient component in GL--1.
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Table 6 Abortifacient activity of glycoprotein fractions (GL-1)
in mice after heat-treatment.
0.2 ml of the heat-treated fractions (GL-1) in saline
(10mg/ml) was adminstered intrc-peritoneally on PD10. The
mice were killed by cervical dislocation for autopsy on
PD14.
Total no. of No.of
dead fetus aborted
Dose No.
No. of dead No. of mice %
Fraction of
fetus implant. sites




35/40 4/5 809/9, 9/9, 0/4, 8/9, 9/9GL-1(60°) 2 5
31/59 3/6 509/9,.9/9, 1/10, 3/8, 0/11, 9/12GL-1(70°) 2 6





Fig. 9 Immunoelectrophoretic patterns of GL-1 heat-treated
fractions.
1. GL-1 after incubation at 600±l0 for 30 min.
2. GL-1 after incubation at 700±10 for 30 min.
3. GL-1 after incubation at 800±l0 for 30 min.
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ISOLATION OF THE ABORTIFACIENT PROTEIN BY
PREPARATIVE AGAROSE ELECTROPHORESIS
Having identified the active component and having discovered its
thermal, immunochemical and electrophoretic properties, we are in a
position to isolate the abortifacient protein in pure state. From the
observation in analytical agarose electrophoresis, the C component of the
glycoprotein fraction (GL-1) moved in opposite direction with respect to
the major component B and was well separated from other components A, D and
E (Fig. 10A). Thus, GL-1 was subjected'tr, preparative agarose electro-
phoresis in barbital buffer (pH 8.6) to isolate the abortifacient protein
(Fig. 10B) and the recovery of various fractions was shown in Table 7.
The yield of the highly purified abortifacient protein from the fresh tuber
of Tien-hua-fen obtained in this study is 0.04%. Homogeneity of the frac-
tions were analysed by immunoelectrophoresis and SDS-PAGE electrophoresis
with results shown in Fig. 11 and Fig. 12 respectively. In immunoelectro-
phoresis, single precipitin arc was observed for fraction C (Fig. 11),
indicating the isolated component C was immunochemical pure. The frac-
tion C in SDS-PAGE was completely devoid of components B, A and D with
only minor contaminants below the major band (Fig. 12). From its staining
intensity, the contribution of the minor contaminant was estimated to be
less than 5%. The minor contaminent may due to the heterogeneity of the
C component or the presence of another different protein having similar
mobility as C in agarose electrophoresis.
Abortifacient activity of different fractions (A+B, C, D and E)




Fig. 1OA Analytical agarose electrophoresis of GL-1
in barbital buffer (pH 8.6).
D EC A&B
-
Fig. 10B Isolation of the abortifacient protein from GL-1
by preparative agarose electrophoresis.
The sample was applied into the rectangular trough.
After electrophoresis, appropriate gel sections
(as shown in the figure) were cut and extracted with
water to obtain the respective protein fractions.
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were shown in Table 8. At a dose of 2 mg, no abortifacient activity
was observed for fractions A+B, E and D (Fig. 14) while fraction C
exerted 100% abortion in mice (Fig. 13). In agarose electrophoresis,
components A, B and E moved towards the anode while component C and D
moved in opposite direction towards the'cathode.. The agarose by the
anodic side was scraped off to obtain the combined fraction containing
componentsA, B and E, no abortifacient activity was detected for this
combined fraction. At a dose of 1 mg, a partial effect was observed in
fraction C while no abortifacient activity was detected for fraction
D and E. This observation pointed out that component C is the only.
abortifacient component from glycoprotein fraction (GL-1). Its purity
as judged from immunoelectrophoresis and SDS-PAGE electrophoresis
was satisfactory for characterization studies.
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Table 7 Recovery of fractions from preparative agarose electrophoresis
batch material fractions (mg) total recovery of
number GL-1 (mg) A+B C
D E F recovery(%)
C(%)
1 40 20.2 3.0 2.5 5.2 77.0 7.5
2 90 45.5 5.5 3.3 3.3 64.0 6.1
3 165 56.8 9.3 4.3
5.2 3 47.6 5.6





Fig. 11 Immunoelectrophoretic patterns of major fractions








Fig. 12 Slab SDS-PAGE electrophoretic patterns of the major
fractions A+B and C recovered from preparative agarose
electrophoresis with GL-1*as the starting material.
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Table 8 Abortifacient activity of fractions from preparative agarose electrophoresis
Total no. of No.of
dead fetus aborted




in individual animal Total no.of aborted
implantation No.of
sites treated mice
1/41 0/4 0A+B 2 4 0/13, 1/11, 0/8, 0/9.
C 2 3 10/10, 9/9, 8/8 27/27 3/3 100
D 2 2 2/11, 0/12 2/23 0/2 0
E 2 1 1/14 1/14 0/2 0
A+B+E 2 2 1/9, 0/11 1/20 0/2 0
C 1 5 1/9, 3/10, 13/13, 1/12, 7/11 25/55 2/5 40
D 1 1 1/11 1/11 0/1 0




Fig. 13 The abortifacient effect of fraction C obtained from
preparative agarose electrophoresis in mice.
A. Fraction C (2mg) was injected intraperitoneally in mice
on PD10, the uterus on PD14 was shown. The size of the
uterus was not comparable with the date and no developing
fetus was observed. This is due to the abortifacient
effect of * C which inhibits fetal development.
B. The uterus was exposed to show the resorbing fetuses.
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Fig. 14 The uterus on PD14 in mice which was adminstered 2 mg
of fraction D on PD10. Fetal development was normal
and no abortifacient activity was detected. Similar
results were obtained for fraction A+B and E.
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CHARACTERIZATION OF THE ABORTIFACIENT PROTEIN
ANALYTICAL PAGE ELECTROPHORESIS
The electrophoretic pattern of the glycoprotein fraction (GL-1)
and the purified abortifacient protein C in 7% polyacryla.mide gel at
pH 8.9 was shown in Fig. 15. In GL-1, 4 components were observed while
there was only one in the purified fraction. The purity of C is accept-
able with only a minor contamination. The nobilities of the components
were in accordance with their behaviour in agarose electrophoresis which
depends mainly on their charges. Since 7% polyacrylamide gel was used,
molecular sieving would not be a limiting factor which affects their
mobilities. It was concluded that the component C is slightly basic
than components A, B and E. Analytical PAGE electrophoresis in acidic
gel (pH 4.3) according to Reisfield et al. (1963) has been performed in
slab gel system. However, results were unsatisfactory which offer poor
resolution and diffused bands.
N-TERMINAL DETERMINATION
Polyamide sheet chromatogram of the hydrolysates of dansylated
abortifacient protein was shown in Fig. 16. Th dansylated amino acids
on the chromatogram were identified by comparing the chromatogram of
standard amino acids according to Woods and Wang (1967). Standard
dansylated amino acids were spotted on the same chromatogram after the
first dimensional development in the second solvent system, Val was





Fig. 15 Polyacrylamide gel disc electrophoretic patterns















Fig. 16 Polyamide layer chromatography of the hydrolysates
of dansylated abortifacient protein.
Three dimensional developments were performed with
various solvent systems as indicated. The dansyl
amino acids applied as standards are: 1. Asp 2. Val.
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third solvent system revealed the presence of Asp. However, the inten-
sity of Asp is greater than Val. These results suggested that the N-
terminal of the abortifacient protein is Asp or Asn which designated as
Asx, since aspartyl and asparaginyl bonds are cleaved on both sides with
the liberation of free aspartic acid during hydrolysis. The presence of
Val may be accounted for by the minor components detected in SDS-PAGE.
MOLECULAR WEIGHT DETERMINATION
The protein profile of the fractions during purification steps
was monitored by SDS-PAGE electrophoresis. The standard curve of the
known protein markers in 10% polyacrylamide gel according to Weber and
Osborn (1969) was shown in Fig. 17. The estimated molecular weight of
the abortifacient protein was about 2.9 x 104. Besides, a discontinuous
buffer system according to Laemmli (1970) was employed for molecular
weight determination. The purified protein was run under different gel
concentration to ascertain its homogeneity and to obtain a suitable range.
for molecular weight determination (Fig. 18). Best results were
obtained from 12% polyacrylamide gel and the molecular weight was
estimated to about 3.2 x 104 (Fig. 19). At present, we cannot offer any
satisfactory explanation for this discrepancy between the two results.
However, glycoproteins have been reported to show anomalous mobility in
SDS-PAGE owing to its decrease in SDS binding (Glossmann Neviue, 1971
Segrest Jackson, 1972). The decrease in SDS binding was accounted for by
the carbohydrate moiety in the protein. This anomalous behaviour may
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Fig. 17 Plot of log molecular weight of standard proteins
against their relative mobilities in SDS-PAGE electro-
phoresis.
The standard proteins included: A, bovine serum albumin
B, ovalbumin C, pepsin D, trysinogen F, B-lactoglobulin
F, lysozyme. The estimated molecu4ar weight of the abor-
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Fig. 18 SDS-PAGE electrophoretic patterns of the purified abor-
tifacient protein at different gel concentrations at pH





Fig. 19 SDS-PAGE electrophoretic patterns of 1. the purified
abortifacient protein and 2. the standard proteins in
12% gel at pH 8.3 .
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is the case, the decrease in SDS binding will result in a low mobility.
This will eventually reflect a higher molecular weight.
The apparent molecular weight of C from SDS-PAGE is in the range
of 3.0 x 104. This should be ascertained by other methods for molecular
weight determination such as gel filtration and/or ultracen.trifugation ii
future studies.
AMINO ACID COMPOSITION
The amino acid composition of the abortifacient protein was shown
in Table 9. The result was calculated on the basis of one histidine
residue per protein molecule and no correction was made for losses
during hydrolysis. No cysteine nor cysteic acid was detected from the
chromatogram. This should be confirmed by spectroscopic methods in
using sulfhydryl reagents (Fernandez et at., 1964 Habeeb, 1972). Small
amount of glucosamine was found from the basic column. However, it has
been shown that hexosamine are degraded quite extensively when a glyco-
protein or glycopeptide is subject to the conditions of acid hydrolysis
normally employed for amino acid analysis (Marshall Neuberger, 1972).
Thus quantitative data for glucosamine was not obtained. From the long
column, two unidentified peaks were detected to elute before aspartic
acid at 20.5 min and 43 min respectively (flow rate 120 ml/hr) with
relatively stronger absorption at'.440 nm than 570 nm. This observation
suggested them to be derivatives of proline, probably hydroxyproline.
4-Hydroxyproline as authentic compound was run in the same condition and
was found to elute from the column at 51.5 min just prior to aspartic
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Table 9 Amino acid composition of the abortifacient protein



















Molar ratios were calculated on the basis of 1 Histidine
residue and no correction was made for losses during hydrolysis
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acid.- In this case, the two unidentified compounds cannot be 4-hydroxy-
proline. It was suspected the unidentified peak at 43 min might be due
to 3-hydroxyproline. Since its was reported that 3-hydroxyproline elutes
just prior to methionine sulfoxide while 4-hydroxyproline elutes between
methionine sulfoxide and aspartic acid (Irreverre et aZ., 1962 Glimcher
et at., 1964), we are now attempting to obtain some authentic 3-
hydroxyproline for further confirmation.
GLYCOPROTEIN STAIN WITH PERIODIC.ACID-SCHIFF PROCEDURE
The presence of carbohydrate moiety in the abortifacient protein
was confirmed by the PAS procedure as shown in Fig. 20. Since SDS and
Tris were reported to interfere with subsequent procedure (Fairbanks,
1971 Smith, 1976), excessive washing was carried out before periodic
acid oxidation. Ovalburnin-was incorporated into another gel as a posi-
tive control. According to Glossmann and Neville (1971), the sensitivity
of the PAS procedure was high enough to detect about 0.5 pg of carbo-
hydrate. Since the-lower detectable limit of the PAS procedure for our
abortifacient protein is about 10 pg, the carbohydrate content is roughly
estimated to be about 5%. When enough sample of this highly purified
abortifacient protein has been accumulated, it is planned to investigate
further on its carbohydrate content.
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PAS
Fig. 20 PAS stain for the carbohydrate moiety of the abortifacient
protein in 10% polyacrylamide gel.
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SUMMARY
An abortifacient protein was isolated from Tian-hua-fen fresh
tuber. Partial characterization of the abortifacient protein was also
described.
Acetone powder was prepared from the Tian-hua-fen fresh tuber.
An active glycoprotein fraction was extracted from the Tian-hua-fen
acetone powder. Fractionation was performed on DEAE-Sephadex A-50
column. Fractions were monitored by-assay of abortifacient activity
in mice. Iininunoelectrophoresis was performed with a polyspecific anti-
serum against the Tian-hua-fen crude fractions (acetone powder and .
glycoprotein fraction) and SDS-PAGE electrophoresis was also performed
to monitor the fractionation. After identification of the abortifacient
protein, it was isolated in one step from the glycoprotein fraction by
preparative agarose electrophoresis. Single precipitin arc was observed
for the purified abortifacient protein while in SDS-PAGE, minor contam-
inant was observed besides the major band. The abortifacient protein
was shown by PAS stain to be a glycoprotein and its approximate molecular
weight as determined by SDS-PAGE electrophoresis was 2.9x104. Analytical
PAGE electrophoresis and SDS-PAGE electrophoresis at different gel concen-
trations were performed to assess the protein homogeneity. The N-ter-
minal acid was determined to be Asx by dansyl chloride. The amino acid
composition was also reported, no cys was detected and preliminary data
indicated the presence of proline derivatives, probably 3-hydroxyproline.
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